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Introduction 


For  many  years  it  has  been  taught  that  atelectasis 
is  associated  with  fever.  A  number  of  current  surgical 
texts  state  that  fever  appearing  shortly  after  operation 
is  often  due  to  atelectasis,  although  few  provide  an 
explanation  of  the  pathogenesis  of  the  fever.  The  purpose 
of  this  thesis  is  to  determine  whether  atelectasis  alone 

is  sufficient  to  produce  fever. 
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Atelectasis 

Essential  to  the  study  of  atelectasis  and  its 

relation  to  fever  is  a  clear  definition  of  the  term. 

Hamilton  suggests  that  the  "classical  definition"  of 
atelectasis  be  used.  This  defines  atelectasis  as  "... 
the  complete  collapse  of  one  or  more  definite  anatomic 
units  such  as  a  lobule,  segment,  lobe,  or  entire  lung."'*' 

With  this  anatomic  definition  irrespective  of  its  etiology, 
atelectasis  in  its  broadest  sense  can  be  examined  along 
with  its  relationship  to  fever. 

Pulmonary  atelectasis  was  first  described  in  1844 
by  Legendre  and  Baily  who  attributed  the  condition  to  both 

2 

bronchial  obstruction  and  ineffectual  respiratory  movements. 

Mendelssohn  (1845)  and  Traube  (1846)  were  the  first  to 

produce  atelectasis  experimentally  by  obstructing  the  major 

3  4 

bronchi  of  dogs  with  lead  shot,  paper  wads,  and  gum  arable.  ' 


Lichtheim  first  demonstrated  the  crucial  role  of  the  pulmonary 
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circulation  in  the  absorption  of  gas  distal  to  obstructed 
5 

bronchi.  In  his  experiments,  ligation  of  a  bronchus 
produced  atelectasis,  whereas  ligation  of  a  brouchus  plus 
its  corresponding  pulmonary  artery  did  not  produce  atel¬ 
ectasis.  The  relationship  of  atelectasis  to  surgery  was 
first  noted  by  W.  Pasteur,  and  he  observed  an  especially 
high  incidence  of  atelectasis  following  operations  in  the 
upper  abdomen.^  He  also  stated  that  the  lower  lobes  were 
the  regions  primarily  affected,  and  suggested  a  neurogenic 
origin  of  the  condition. 

Five  factors,  alone  or  in  various  combinations, 
are  now  thought  to  be  capable  of  producing  atelectasis. 

These  factors  are  1)  obstruction,  2)  compression, 

3)  hypoventilation,  4)  neurogenic  reflex,  and  5)  decreased 

17  8 

surfactant  activity.  '  ' 

As  noted  earlier,  obstruction  of  the  bronchial  tree 
was  the  first  method  utilized  for  the  experimental  production 
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of  atelectasis.  In  addition  to  gas  resorption  by  the 
9  10 

circulation,  '  other  factors  may  participate  in  the 
genesis  of  atelectasis  with  bronchial  occlusion.  Massive 
pulmonary  collapse  has  been  produced  experimentally  using 
a  one-way  valve  apparatus  to  occlude  a  bronchus  in  inspir¬ 
ation  but  not  expiration."  Also,  it  has  been  shown  by 
Hilding  that  ciliary  action  on  a  mucous  plug  acting  as 
a  piston  in  the  trachea  of  the  hen  can  produce  negative 

pressure  (-5  to  -40  millimeters  of  water)  in  the  distal 

12 

segment  which  may  augment  alveolar  collapse. 

Compression  atelectasis  may  be  seen  with  any 

condition  that  physically  prevents  the  lung  from  expanding 

fully,  such  as  pneumothorax,  pleural  effusion,  or  a  large 

thoracic  aortic  aneurysm.  This  type  of  atelectasis  has 

been  produced  experimentally  by  inflation  of  a  balloon  in 
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the  pleural  space.  ' 
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Hypoventilation,  though  proposed  initially  as  a 
cause  for  atelectasis  by  Legendre  and  Baily  and  supported 
by  others ,  ^  ^  ^  was  discounted  by  Coryllos  and  Birnbaum 
in  1932  who  stated  that  "Clinical  and  experimental  evidence 
points  to  the  conclusion  that  atelectasis  is  always  due  to 
complete  bronchial  obstruction.""  This  was  directly 

•  .  *]  Q 

refuted  by  Galbraith  and  Steinberg  m  1937.  They 

concluded  "...  the  basic  cause  of  pulmonary  atelectasis 
is  interference  with  respiratory  movements.  Bronchial 
obstruction  is  only  one  of  the  mechanisms  responsible  for 

atelectasis . " 

A  number  of  studies  since  that  time  have  shown  the 

latter  view  is  probably  correct.  Swank  and  Smedal  reported 

a  65%  incidence  of  "transient  patchy  and  irregular  densitie 

in  the  lungs"  in  young  soldiers  treated  with  sodium  amytal 

1  9 

narcosis  for  combat  exhaustion.  Other  experiments  have 


shown  that  anesthesia  with  controlled  constant  ventilation. 
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i.e.  without  periodic  hyperinflation  or  sighing  that 


normally  occurs  in  man  approximately  9  times  per  hour , 1 


leads  to  a  progressive  decrease  in  compliance  by  22%  and 


•  2  0 

decrease  in  arterial  oxygen  tension  by  15%.  Furthermore, 


these  changes  could  be  rapidly  reversed  at  the  end  of  the 


experiment  by  hyperinflation  of  the  lungs.  Atelectasis 


confirmed  by  light  microscopy  was  produced  in  rabbits  and 


calves  by  intraperitoneal  barbiturate  anesthesia  alone. ^ 


Thus  there  is  good  evidence  that  prolonged  hypoventilation 


due  to  any  cause  can  produce  atelectasis. 


A  neurogenic  or  reflex  atelectasis,  though  perhaps 


the  most  interesting,  is  probably  the  most  infrequent. 


Reflex  pulmonary  atelectasis  can  apparently  be  produced 


by  a  variety  of  phenomena,  including  experimental  pulmonary 


embolism,  traction  on  the  common  bile  duct,  traction  on  the 
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mesentary  of  the  small  intestine,  and  chest  wall  trauma. 


This  reflex  atelectasis  appears  very  suddenly  and  can  be 
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inhibited  by  vagal  nerve  section  or  prior  administration 

of  atropine.  A  case  of  total  right  upper  lobe  atelectasis 

occurring  in  less  than  5  seconds  during  bronchoscopy  has 
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been  reported  and  the  entire  subject  has  been  reviewed. 

Some  authors  have  reported  finding  smooth  muscle  cells 

2  3  2  4 

in  the  alveolar  walls.  '  However,  since  the  studies 

were  performed  on  individuals  suffering  from  various  kinds 

of  chronic  pulmonary  disease,  and  other  studies  maintain 

that  muscular  elements  are  not  found  in  the  alveolar  walls, ^ 

the  existence  of  an  anatomic  basis  for  active  lung  contraction 

or  reflex  atelectasis  remains  in  doubt. 

The  fifth  factor  causing  or  contributing  to  the 

development  of  atelectasis  is  deficiency  of  the  substance 

2  6  2  7 

known  as  surfactant.  '  Surfactants  are  phospholipids 

synthesized  by  the  alveolar  cells.  Surfactant  acts  much 
like  a  detergent  to  lower  the  surface  tension  tending  to 


collapse  the  alveoli,  especially  in  expiration.  It  is  known 
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that  for  a  given  wall  tension,  the  pressure  required  to 
keep  a  sphere  inflated  varies  inversely  with  its  radius, 
according  to  the  Law  of  Laplace.  Without  surfactant,  the 
surface  tension  in  the  alveolar  wall  during  expiration 
would  be  greater  than  the  inf lacing  pressure,  thereby 
leading  to  spontaneous  collapse. 

Experiments  have  shown  that  there  is  a  decrease 
in  surfactant  from  the  atelectatic  portions  of  lungs  as 

g 

compared  to  normal  portions  of  the  same  lungs.  However, 

this  decrease  may  be  secondary  to  atelectasis  and  not  the 

cause  of  it.  It  has  been  shown  that  circulation  through 

2  8 

the  atelectatic  lung  is  progressively  impaired.  Since 

the  half-life  of  surfactant  is  known  to  be  approximately 

8  hours,  and  the  replacement  of  surfactant  depends  upon 

2  9 

utilization  of  precursors  m  the  blood,  atelectasis  may 
itself  produce  further  atelectasis  by  decreasing  surfactant 


production . 
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Fever 


Although  fever  has  been  associated  with  disease 
at  least  since  the  time  of  Hippocrates,  only  in  recent 
times  have  the  basic  mechanisms  which  underlie  its  production 
been  elucidated.  Since  excellent  reviews  of  the  pathogenesis 
of  fever  are  avai lable , ^  only  a  brief  description  of  the 
basic  mechanisms  is  included  here. 

For  many  years  investigators,  including  the  famous 

German  surgeon  Billroth,  were  able  to  produce  fever  in 

animals  by  injections  of  various  substances,  some  derived 

32 

from  damaged  or  necrotic  tissues,  while  others  were  more 
ordinary  substances  such  as  milk,  water,  or  sugar  solutions. 
These  fevers  were  shown  to  result  from  certain  contaminating 
bacterial  substances,^  now  called  endotoxins,  which  are 
now  known  to  be  ubiquitous,  heat- stable  lipopolysaccharides 
derived  from  the  cell  wails  of  certain  bacteria,  predominantly 
the  gram-negative  bacteria. '  These  endotoxins  are  potent 
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pyrogens  in  certain  species  such  as  the  rabbit,  where 
as  little  as  0.0001  -  0.001  microgram  per  kilogram  will 
regularly  produce  fever . 

It  now  seems  clear  however  that  most  experimental 
fevers,  and  probably  clinical  fever  as  well,  result 
directly  from  the  action  of  a  substance  known  as  endo¬ 
genous  pyrogen  on  the  thermoregulatory  center  in  the 
hypothalamus.  3eeson  was  the  first  to  obtain  a  pyrogen 
from  rabbit  granulocytes  in  vitro  while  excluding 
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bacterial  endotoxins.  Endogenous  pyrogen,  which  is 


a  basic  protein  with  a  molecular  weight  of  about  13,000 


38 
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has  been  shown  to  be  released  from  granulocytes,  mono¬ 


nuclear  cel 


40  41  42 

Is  and  macrophages,  '  '  and  the  Kupffer 


4  3 

cell  of  the  liver.  In  addition,  endogenous  pyrogen 


release  from  rabbit  alveolar  macrophages  obtained  by 


Myrvik's  technique ^  has  specifically  been  demonstrated.^ 


In  addition  to  endotoxin,  various  other  activators  of 
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endogenous  pyrogen  release  have  been  determined  including 


46 


47 


staphylococci,  viruses,  fungi,  steroids  such  as 


48  ...  .  . 

etiocholanoione ,  and  antigens  m  previously  sensitized 

4y 

animals.  Endogenous  pyrogen  is  thought  to  act  directly 

50  .  . 

on  the  thermoregulatory  center,  from  which  signals 


are  sent  peripherally  to  cause  vasoconstriction  and 


increased  somatic  motor  activity  (shivering)  which  elevate 


the  body  temperature. 


V 
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Atelectasis  and  Fever 


Textbooks  on  general  surgery  state  that  atelectasis 


is  a  frequent  postoperative  complication,  that  it  is  usually 


seen  in  the  first  48  hours  after  surgery,  and  that  it  is 


associated  with  the  sudden,  early  onset  of  dyspnea, 


tachypnea,  fever  (often  to  104  degrees  F«),  and  tachycardia. 


51,52 


Other  sources  maintain  however  that  fever  and  tachycardia 


are  usually  late  manifestations  of  atelectasis. 


Several  observations  cast  doubt  on  the  ability  of 


atelectasis  without  infection  to  produce  fever.  The  first 


of  these  is  the  clinical  situation  of  spontaneous  pneumo¬ 


thorax.  In  four  reported  series  of  spontaneous  pneumothorax, 
54,55,56,5/  consisting  of  over  700  cases,  fever  was  never 


even  mentioned,  leading  Lo  the  conclusion  that  it  was  seldom, 


if  ever,  present.  Another  discussion  of  the  problem  mentions 


fever  only  when  spontaneous  pheumothorax  is  superimposed  on 


another  disease  such  as  pulmonary  tuberculosis  or  abscess. 


53 
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A  second  observation  is  that  asymptomatic 


atelectasis,  i.e.  without  fever  or  any  signs  or  symptoms 


referrabie  to  the  chest,  can  exist  in  heroin  addicts. 


This  atelectasis  is  postulated  to  result  from  the  chronic 


hypoventilation  induced  by  the  heroin. 


Third,  in  the  study  in  which  atelectasis  was 


produced  in  18  of  23  young  soldiers  by  amytal  narcosis 


although  lung  changes  were  apparent  by  X-ray  the  first 


day,  significant  fever  (greater  than  99  degrees  F.  axillary 


average  for  a  day)  never  developed  before  the  second  day,  an 


and  then  in  only  6  of  the  18  cases.  Furthermore,  in  4  of 


these  6  cases,  the  average  leukocyte  count  was  10,500/mm' 


(The  leukocyte  counts  of  the  other  two  cases  were  not 


recorded . ) 


Thus ,  it  appears  that  associated  pneumonitis  might 


be  a  factor  in  the  pathogenesis  of  fever  with  atelect 


asis . 


In  the  present  experiment,  the  effect  of  compressive 


14 


atelectasis  upon  the  temperature  course  of  rabbits  was 


examined . 


15 


Methods  and  Materials 

Female  albino  rabbits  weighing  3.5  -  5.5  kilograms 
were  used  for  the  study.  All  had  been  "box  trained" 
previously  to  minimize  temperature  elevation  due  to 
confinement  anxiety.  The  rabbits  were  secured  supine  and 
the  right  hemithorax  was  shaved  and  prepped  with  95%  ethyl 
alcohol.  Using  sterile,  pyrogen  free  equipment  (pre-packaged 
or  rendered  pyrogen  free  by  heating  at  170  degrees  C.) ,  the 
skin  was  infiltrated  with  1  and  1/2  cc.  of  1%  lidocaine  in 
the  anterior  axillary  line  at  the  level  of  the  xiphoid. 

A  purse-string  suture  of  3-0  silk  was  placed  in  the 
anesthetized  area  with  the  ends  left  free.  In  the  center 
of  the  purse-string  suture  a  1/2  cm  skin  incision  was  made 
with  a  #11  Bard-Parker  blade.  A  #14  Jelco  intravenous 
catheter  was  advanced  through  the  incision  until  the  needle 
punctured  the  parietal  pleura,  at  which  point  the  needle 
was  withdrawn  and  the  polyethylene  catheter  was  advanced 
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alone.  The  catheter  was  secured  in  place  with  the  free 
ends  of  the  purse-string  suture  as  well  as  an  additional 
anchoring  skin  suture.  Any  air  that  entered  the  pleural 
space  was  removed  by  repeated  aspiration  through  a  three- 
way  stopcock  which  was  fitted  to  the  end  of  the  catheter 
and  left  in  place. 

The  rabbits  were  then  placed  in  wooden  restraining 
stalls  and  taken  to  the  temperature  recording  room  where 
temperatures  were  obtained  with  rectal  thermistors  and 
recorded  on  a  Foxboro  recorder.  The  temperatures  were 
taken  every  15  minutes  until  a  stable  baseline  was  obtained 
for  each  rabbit.  Then  60  cc.  of  air  was  injected  through 
the  catheter  (time  0)  and  temperatures  were  recorded  over 
the  next  6  hours ,  initially  every  15  minutes  for  3  or  4 
recordings,  then  every  1/2  hour.  An  additional  injection 
of  10  cc.  of  air  was  given  at  2  and  1/2  hours  and  again  at 


4  and  1/2  hours  after  the  initial  injection. 
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After  the  temperature  recordings,  the  rabbits 
were  taken  to  the  X-ray  department.  The  X-rays  were  taken 
dorsal  to  ventral  and  through  the  stalls  with  55  KV. , 

6.4  mAs . ,  a  small  focal  spot,  and  1/60  second  exposure 
time  to  minimize  blurring  due  to  respirations.  Slight 
magnification  was  obtained  by  elevating  the  rabbits  8" 
over  the  film  with  a  distance  of  40"  from  focal  spot  to 
rabbit . 
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Results 

X-ray  examination  revealed  14  rabbits  with  no 
detectable  pneumothorax,  5  rabbits  with  a  partial  pneumo¬ 
thorax,  and  6  rabbits  with  a  total  unilateral  pneumothorax. 
Representative  pictures  of  the  X-rays  are  included. 

(Figures  1,  2,  3.)  Of  the  14  rabbits  with  no  pneumothorax, 
i.e.  the  ones  considered  controls  in  this  experiment,  only 
one  had  a  significant  fever  (greater  than  0.3  degrees  C.) . 
(Figures  4,5.)  Of  the  rabbits  with  100%  pneumothorax, 
again  only  one  had  any  significant  fever  (Figure  6.) , 
while  none  of  the  rabbits  with  a  partial  pneumothorax  had 
a  significant  febrile  response.  (Figure  7)  Included  also 
are  two  tables  showing  the  average  hourly  deviation  for 
the  three  groups  of  each  temperature  course  from  its  own 
individual  initial  mean  temperature,  (IIMT) .  The  individual 
initial  mean  temperature  is  defined  as  the  mean  of  the 


of  the  temperatures  at  0,  1/2,  and  1  hour  for  that  particular 
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course.  Table  1  shows  the  total  average  hourly  deviations, 
while  Table  2  shows  the  average  hourly  deviations  derived 
from  consideration  of  only  the  positive  hourly  deviations, 
thereby  minimizing  the  possibility  of  obscuring  a  significant 
febrile  response.  However,  in  neither  case  is  there  a 
significant  fever  observed.  The  greatest  average  hourly 
deviation  in  either  table  is  +0.11  degrees  Centigrade, 
well  below  the  accepted  0.3  degrees  Centigrade.  There  are 
no  significant  differences  between  the  three  groups. 

Finally,  it  should  be  noted  that  successful 
production  of  pneumothorax  occurred  only  11  of  25  times. 

By  X-ray  subcutaneous  air  blebs  were  often  noted.  These 
were  due  to  either  leakage  of  air  around  the  catheter,  or 
to  the  withdrawal  of  the  catheter  tip  from  the  pleural 


space  by  the  rabbits’  movements. 
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Figure  1 

Normal  rabbit  chest  film.  No  pneumothorax  noted. 
Note  Jelco  on  right,  also  note  subcutaneous  bleb 


of  air  on  right.  (arrow) 
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Figure  2 

Rabbit  chest  film  showing  partial 
Also  note  subcutaneous  air  bleb. 


pneumothorax. 
( arrows ) 
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Figure  3 


Rabbit  chest  film  showing  total  pheumothorax . 
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Figures  4  and  5 

Temperature  courses  of  the  14  rabbits  with  no 
pneumothorax.  Arrows  indicate  time  and  amount 
of  air  injection.  Time  in  hours  refers  to  the 


amount  of  time  from  injection  of  60  cc  air  bolus. 
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Figure  6 


Temperature  courses  of  the  6  rabbits  with  100% 


pneumothorax 
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Figure  7 


Temperature  courses  of  the  5  rabbits  with 


partial  pneumothorax. 


FEVERS  OF  RABBITS  WITH  PARTIAL  PNEUMOTHORAX 

\ 
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Tables  1  and  2 


Average  hourly  deviations  from  IIMT's, 
Table  1 . 

.  Total  deviations 


Average  of  Average  hourly  deviation  from 
IIMT's  in  IIMT  in  decrees  C. 


Group  degrees  C  „  1  2  3  4  5  6 


Control-1 4 

39. 

- 

o 

o 

Vn 

-.08 

Total -6 

39.3^ 

-,008 

+  ,  04 

-1. 06 

+  .03 

-.025 

Part ial-5 

39.00 

0 

+ .  02 

+  „  04 

+  .  0  6 

+  .11 

+  .10 

Table  2, 

Average  deviations  obtained  from  cons ideration  of  only 
positive  hourly  deviations » i . e .  considering  negative 
deviations  as  zero,, 


Average  of 
IIMT's  in 


.  2  . 

8 

4  . 

5 

6 . 

Control-i4 

39  >7 

+  .00? 

+  .057 

+  .050 

+  .075 

+  .097 

t.  064 

Total-6 

39.39 

0 

+  .025 

+  .075 

+  .083 

+  .091 

i,06? 

Partial-5 

39.00 

0 

+  .04 

+  .  04 

+ .  06 

+  .11 

+  .10 

IIMT-  individual  initial  mean  temperature,  defined 
as  the  average  of  the  recorded  temperatures  at  0,  §•, 
and  1  hour  for  each  individual  temperature  course. 


t 


..  .1".  .1,, 
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Discussion 

From  the  results  of  these  experiments  it  can  be 
stated  that  atelectasis  produced  by  pneumothorax  is  not 
alone  sufficient  to  cuase  fever  in  rabbits  over  the  time 
interval  observed.  This  experiment  does  not  reproduce 
postoperative  atelectasis.  Postoperative  atelectasis  may 
often  be  associated  with  bronchial  obstruction  and  hypo¬ 
ventilation  due  to  pain  or  narcotic  depression.  In  this 
experiment,  neither  of  these  factors  was  present  during 
the  development  of  the  atelectasis.  On  the  other  hand, 
atelectasis  as  defined  by  Hamilton''"  did  exist  in  these 
animals  without  the  development  of  fever. 

If  atelectasis  alone  is  not  sufficient  to  cause 
fever,  what  is  the  pathogenesis  of  the  fever  that  is 
attributed  to  postoperative  atelectasis?  Lansing  and 
Jamieson60  examined  the  mechanism  of  fever  in  pulmonary 
atelectasis  produced  by  occluding  the  left  main-stem 
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bronchus  of  a  dog.  Within  12  hours  the  rectal  temperature 
rose  an  average  of  4-5  degrees  F.  above  normal  and  was 
accompanied  by  an  increase  in  respiratory  and  heart  rates 
in  all  30  dogs  studied.  A  thick,  purulent  exudate  which 
always  yielded  bacterial  growth  by  culture  was  found 
distal  to  the  obstructing  plugs,  even  though  they  were 
sterile  when  introduced.  When  the  experiment  was  repeated 
giving  intramuscular  penicillin  and  streptomycin  at  the 
time  of  insertion  of  the  plugs,  less  than  1  degree  F. 
increase  in  temperature  was  noted  and  the  increases  in 
respiratory  and  heart  rates  were  far  less  marked.  When 
serum  taken  from  an  experimental  animal  at  the  height  of 
the  fever  was  injected  into  a  normal  animal,  it  produced 
rigors,  fever,  tachycardia,  and  an  increase  in  respiratory 
rate  beginning  within  5  minutes.  In  addition,  blood 
cultures  were  obtained  from  4  of  the  30  experimental 


animals  with  fever  and  were  positive  in  three  of  the  four 
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cases.  While  this  experiment  utilized  bronchial  obstruction 
to  produce  atelectasis,  and  it  seems  probable  that 
organisms  were  introduced  into  the  lower  respiratory 
tract  by  the  cotton  plug,  one  point  is  clear.  Antibiotics 
prevented  the  febrile  response  in  dogs  even  though  the 
atelectasis  was  unaltered.  In  this  model,  infection 
rather  than  atelectasis  alone  seems  clearly  the  cause  of 
fever . 

In  the  present  experiment  the  rabbits  were  followed 
only  6  hours.  Perhaps  if  followed  longer,  a  febrile 
response  would  have  occurred,  presumably  due  to  proliferation 
of  microorganisms  normally  found  in  the  lungs  of  these 
rabbits.  Although  lung  cultures  were  not  obtained  from 
the  rabbits  used  in  this  experiment,  cultures  of  the  lungs 
of  other  rabbits  in  this  laboratory  have  repeatedly  yielded 
a  gram-negative  rod  identified  as  Bordetella  bronchi septicus . 


40 ,61 


Indeed  the  ubiquitous  nature  of  this  organism  in  the 


■ 
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lungs  and  its  ability  to  activate  lung  macrophages  to 


produce  pyrogen  have  posed  serious  problems  in  experiments 


with  alveolar  macrophages. 


However,  some  early  postoperative  fevers  may  be 


due  to  an  entirely  different  cause.  Recently  Roe  has 


called  attention  to  an  entity  called  "benign  postoperative 
6  2  6  3 

fever."  '  It  is  postulated  that  the  fever  which  is 


seen  within  a  few  hours  of  surgery  may  in  some  cases  be 


due  to  an  overshoot  response  of  the  hypothalamus  to  body 


temperature  lowering  during  surgery.  This  fever  is  not 


seen  in  those  patients  whose  body  temperature  is  kept  from 


falling  during  surgery. 
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Summary 


Total  or  partial  unilateral  pneumothoraces  were 
produced  in  11  of  25  rabbits  and  the  temperature  courses 
were  recorded.  There  was  no  significant  difference  in 
temperature  courses  between  the  11  rabbits  with  pneumothorax 
produced  atelectasis  and  the  14  control  rabbits.  This  suggests 
that  atelectasis  alone  is  not  a  sufficient  condition  to  cause 
fever  in  rabbits,  and  that  clinical  postoperative  fever 
results  from  different  or  additional  factors,  such  as 


infection  or  hypothalamic  readjustments. 


32 


Bibliography 


1.  Hamilton,  W.K.  "Atelectasis,  Pneumothorax,  and  Aspir¬ 

ation  as  Postoperative  Complications"  Anesthesiology 
22:708-21,  1961, 

2.  Legendre  and  3ailey.  Arch.  gen.  de  med.  jour,  complimen- 

taire  de  sc.  med.,  series  2,  1844  vol.  4  cited  from 
Galbraith  and  Steinberg,  ref.  18. 

3.  Mendelssohn,  A.  Der  Mechanisms  der  Respiration  und 

Zirkulation,  etc.  Berlin,  B.  Behrs .  1845.  cited 
from  Coryllos  and  Birnbaum,  ref.  9. 

4.  Traube ,  L.  Beitr.  z.  exper.  Path,  und  Physiol.  1846 

1:65.  cited  from  Coryllos  and  Birnbaum,  ref.  9. 

5.  Lichtheim,  L.  Versuche  uber  Lungen  atelektase,  Arch 

exper.  Path,  und  Pharmakol.  1878-79  10:54  cited 

from  Coryllos  and  Birnbaum,  ref.  9 

6.  Pasteur,  W.  "The  Bradshaw  Lecture  on  Massive  Collapse 

of  the  Lung,"  Lancet  2:1351,  1908. 

7.  Pinck,  R.L.,  Burbank,  B.,  Cutler,  S.,  Shar ,  S., 

Mangieri ,  M.  "Nonobstructive  Atelectasis"  Timer. 

Rev.  Resp.  Dis.  91:909-14,  1965 

8.  Sutnick,  A. I.  and  Soloff,  L . A.  "Pulmonary  Surfactant 

and  Atelectasis"  Anesthesiology  25:676-81,  1964. 

9.  Coryllos,  P.N.,  and  Birnbaum,  G.L.  "Studies  in 

Pulmonary  Gas  Absorption  in  Bronchial  Obstruction" 

Am.  J.  Med.  Sci.  133:317-359,  1932. 

10.  Henderson,  Y.  and  Henderson,  M.C.  "The  Absorption  of 

Gas  from  Any  Closed  Space  Within  the  Body,"  Arch. 
Int.  Med.  49:88,  1932 

11.  Coulter,  W.W.  Jr.  "Experimental  Massive  Pulmonary 

Collapse"  Dis.  of  the  Chest  18:146-153,  1950. 

12.  Hilding,  A.C.  "Production  of  Negative  Pressure  in  the 

Trachea  of  the  Hen  by  Ciliary  Action."  Am.  J. 
Physiol.  167:108-110,  1951. 


33 


13.  Habliston,  C.C.  "Intrapleural  Pressure  in  Massive 

Collapse  of  the  Lung"  Am.  Jour.  Med.  Sci.  176:837 
1928. 

14.  Niden ,  A.H.  "The  Acute  Effects  of  Atelectasis  on  the 

Pulmonary  Circulation."  Jour.  Clin.  Invest,  43:810-24, 
1964. 

15.  Gardiner,  W.T.  "Bronchitis,  Pulmonary  Collapse,  and 

Emphysema"  Brit,  and  For.  Med.  Rev.  11:453,  1853 

16.  Pasteur,  W.  "Respiratory  paralysis  after  diptheria  as 

a  cause  of  pulmonary  complications,  with  suggestions 
as  to  treatment."  Am.  Jour.  Med.  Sci.  100:242,  1890. 

17.  Churchill,  E.D.  "Pulmonary  atelectasis,  with  especial 

reference  to  massive  collapse  of  the  lung."  Arch. 

Surg.  (Chicago)  11:489,  1925. 

18.  Galbraith,  E.G.  and  Steinberg,  B.  "The  Developmental 

Mechanism  of  Pulmonary  Atelectasis."  Ann.  of  Otol., 
Rhinol. ,  and  Laryngol.  46:801-17,  1937. 

19.  Swank,  R.L.  and  Smedal,  M.I.  "Pulmonary  Atelectasis 

in  Stuporous  States"  Am.  Jour.  Med.  5:210-229,  1948. 

20.  Bendixen,  H.H.,  Hed ley-White ,  M.B.,  and  Laver,  M.B., 

"Impaired  Oxygenation  in  Surgical  Patients  during 
General  Anesthesia  with  Controlled  Ventilation." 

N.E.J.M.  269:991,  1963. 

21.  Hilding,  A.C.  "Postoperative  Atelectasis:  Experimental 

Production  in  Calves  and  Rabbits  by  Anesthesia  Alone." 
Ann.  Otol,  77:854,  1968. 

22.  deTakats ,  G. ,  Fenn,  G.K.,  and  Jenkinson,  E.L.  "Reflex 

Pulmonary  Atelectasis."  J.A.M.A.  120:686,  1942. 

23.  Liebow,  A. A.,  Loring,  W.E.,  and  Felton,  W.L.  "Musculature 

of  lungs  in  chronic  pulmonary  disease."  Am.  Jour. 

Path.  29:885,  1953. 

24.  Corssen,  G.  "Changing  concepts  of  the  mechanism  of 
pulmonary  atelectasis,"  J.A.M.A.  183:314,  1963. 

Engel,  S.  Die  Muskulatur  der  Lunge.  Deutsch  Med. 

Wschr.  73:382,  1948. 


25. 


34 


26.  Yet,  T.J.,  Manning,  H.,  Ellison,  L.T.  and  Ellison, 

R.G.  Alveolar  Surfactant  in  Chronic  Experimental 
Atelectasis.  Am.  Rev.  Resp.  Dis.  93:953,  1966. 

27.  Sekulic,  S.M.,  Hamlin,  J.T.  Ill,  Ellison,  R.G.  and 

Ellison,  L.T.  Pulmonary  Surfactant  and  Lung 
Circulation  in  Experimental  Atelectasis.  Am.  Rev. 
Resp.  Dis.  97:69,  1968. 

28.  Coryllos,  P.N.  and  Birnbaum,  G.L.  "The  Circulation 

in  the  Compressed,  Atelectatic,  and  Pneumonic  Lung." 
Arch.  Surg.  19:1346,  1929. 

29.  Abrams,  West  and  Clements.  CIBA  Foundation  Symposium 

on  Development  of  the  Lung.  De  Reuek  and  Porter 
(Eds)  p.222-223.  Little,  Brown  &  Co.,  Boston,  1969. 

30.  Atkins,  E.  and  Snell,  E.S.  "Fever"  in  the  Inf lammatory 

Process.  Ed.  Zweifach,  B.W.,  Grant,  L.,  and 
McClusky,  R.T.,  Academic  Press,  New  York,  1965, 
p.  495-534. 

31.  Atkins,  E.  and  Bodel,  P.,  Fever,  N.  Engl.  J.  Med. 

286:27,  1972. 

32.  Billroth,  T.  Beobachtungs-studien  uber  Wundfieber  und 

accidentelle  Wundbrankheiter .  Arch.  Klin.  Chir. 
6:372,  1865. 

33.  Hart,  E.C.  and  Penfold,  W.J.  Microorganisms  and  their 

relation  to  fever.  J.  Hyg.  12:361,  1912 

34.  Bennett,  I.L.  Jr.  and  Beeson,  P.B.  The  properties 

and  biologic  effects  of  bacterial  pyrogens. 

Medidine  29:365,  1950. 

35.  Bennett,  I.L.  Jr.  and  Cluff,  L.E.  Bacterial  pyrogens. 

Pharmacol.  Rev.  9:927,  1957. 

36.  Landy,  M.  and  Johnson,  A, G.  Studies  on  the  0  antigen 
of  Salmonella  typhosa  IV.  Endotoxic  Properties  of 
the  Purified  Antigen.  Proc.  Soc.  Exptl.  Bio.  Med. 
90:57,  1955. 

Beeson,  P.B.  Temperature  elevating  effect  of  a 

substance  obtained  from  polymorphonuclear  leukocytes. 
J.  Clin.  Invest.  29:524,  1948. 


37. 


35 


38.  Koryak,  M.S.,  Hahn,  H.H.,  Lennary,  W.J.  and  Wood,  W.B. 

Jr.  Studies  on  the  pathogenesis  of  fever  XIV.  Furthe 
observations  on  the  chemistry  of  leukocytic  oyrogen, 
J.  Exp.  Med.,  123:433,  1966. 

39.  Bennett,  I.L.  Jr.  and  Beeson,  P.B.  Studies  on  the 

pathogenesis  of  fever.  I,  The  effect  of  injection 
of  extracts  and  suspensions  of  uninfected  rabbit 
tissues  upon  the  body  temperature  of  normal  rabbits. 
J.  Exp.  Med.  98:477-492,  1953. 

40.  Atkins,  E.,  Bodel,  P.  and  Francis,  L.  Release  of 

endogenous  pyrogen  in  vitro  from  rabbit  mononuclear 
cells.  J.  Exper.  Med.  126:357,  1967. 

41.  Bodel,  P.  and  Atkins,  E.  Release  of  endogenous  pyrogen 

by  human  monocytes.  New  Eng.  J.  Med.  276:1002,  1967 

42.  Hahn,  H.H.,  Char,  D.C.,  Postel,  W.B.,  and  Wood,  W.B.  Jr. 

Studies  on  the  pathogenesis  of  fever  XV.  Production 
of  endogenous  pyrogen  by  peritoneal  macrophages. 

J,.  Exper.  Med.  12  6:385,  1967. 

43.  Dinarello,  C.A.  The  Role  of  the  Liver  in  the  production 

of  Fe-er.  Thesis,  Yale  University  School  of  Medicine 
1969  . 

44.  Myrvik,  Q.N.,  Leake,  E.S.,  and  Fariss ,  B.  Studies  on 

Pulmonary  Alveolar  Macrophages  from  the  Normal 
Rabbit:  A  technique  to  procure  them  in  a  high 

state  of  purity.  J.  Immunol.  86:128,  1961. 

45.  Atkins,  E.  and  Freedman,  L.R.  Studies  in  staphylococcal 

fever  I.  Responses  to  bacterial  cells.  Yale  J.  Biol 
Med.  35:451,  1963. 

46.  Atkins,  E.  and  Huang,  W.C.  Studies  on  the  pathogenesis 

of  fever  with  influenzal  viruses.  I.  The  appearance 
of  an  endogenous  pyrogen  in  the  blood  following 
intravenous  injection  of  virus.  J.  Exp.  Med.  107:383 
1958  . 


Briggs,  R.S.  and  Atkins,  E.  Studies  in  cryptococcal 
fever.  I.  Responses  to  intact  organisms  and  to  a 
soluble  agent  derived  from  cryptococci.  Yale  J. 
Biol.  Med.  38:431,  1966. 


47. 


36 


48.  Bodel,  P.  and  Dillard,  M.  Studies  on  steroid  fever. 

I.  Production  of  leukocyte  pyrogen  in  vitro  by 
etiochalanolone .  J.  Clin.  Invest.  47:107,  1968. 

49.  Hall,  C.I1.  Jr.  and  Atkins,  E.  Studies  on  tuberculin 

fever.  I.  Mechanisms  of  fever  in  tuberculin  hyper¬ 
sensitivity.  J.  Exper.  Med.  109:339,  1958. 

50.  Cooper,  K.E.,  Cranston,  W.I.  and  Honour,  A.J. 

Observations  on  the  site  and  mode  of  action  of 
pyrogens  in  the  rabbit  brain.  J.  Physiol.  191:325, 
1967. 

51.  Ellis,  H.  and  Caine,  R.Y.  Lecture  Notes  on  General 

Surgery;  Third  Edition.  F.A.  Davis  Co.,  Philadelphia, 
Penn.  1970,  p.  19 

52.  Guis,  J.A.  Fundamentals  of  General  Surgery.  Third 

Edition.  Year  Book  Med.  Publishers,  Inc.  Chicago, 
1957  . 

53.  Webb,  W.R.  Postoperative  Pulmonary  Complications  in 

Complications  in  Surgery  and  Their  Management. 

Artz,  C.P.  and  Hardy,  J.D.  W. B .  Saunders  Co. 
Philadelphia,  Penn.  1967,  p.  100-112. 

54.  Lynn,  R.B.  "Spontaneous  Pneumothorax"  Diseases  of 

the  Chest,  48:251,  1965. 

55.  Shields,  T.W.  and  Oilschlager,  G.A.  "Spontaneous 

Pneumothorax  in  Patients  40  years  of  Age  and 
Older,"  Annals  of  Thoracic  Surgery  2:377,  1966. 

56.  Mills,  M.  and  Baisch,  B.F.  "Spontaneous  Pneumothorax: 

A  series  of  400  cases,"  Annals  of  Thoracic  Surgerh 
1:236,  1967. 

57.  Pentti,  O.M.  Spontaneous  Pneumothorax:  A  clinical 

study  of  166  cases.  Annales  Chirurgiae  et  Gynaecol- 
ogiae  Fenniae.  Vol.  56.  Suppl.  160,  1967. 

58.  Horne,  N.W.  "Spontaneous  Pneumothorax:  Diagnosis 

and  Management,"  British  Med.  Journal.  5432:281 
Jan.  1966. 

59.  Gelfand,  M.L.,  Hammer,  H.  ,  and  Hevizy,  T.  " Asymptomatic 

Pulmonary  Atelectasis  in  Drug  Addicts"  Diseases  of 
the  Chest.  52:782,  1967. 

60.  Lansing,  A.M.  and  Jamieson,  W.G.  Mechanisms  of  Fever 

in  Pulmonary  Atelectasis.  Arch.  Surg.  87:134,  1963. 


37 


61.  Francis,  L.  Personal  communication. 

62.  Roe,  C.F.  Fever  and  Energy  Metabolism  in  Surgical 

Disease.  Monographs  in  the  Surgical  Sciences, 

Vol.  3,  No.  2,  Williams  and  Wilkins  Co.,  1966. 

63.  Roe,  C.F.  Surgical  Aspects  of  Fever  in  Current 

Problems  in  Surgery.  Year  Book  Medical  Publishers, 
Inc.,  Chicago  Nov.  1968. 


YALE  MEDICAL  LIBRARY 
Manuscript  Theses 


Unpublished  theses  submitted  for  the  Master's  and  Doctor's  degrees  and 
deposited  in  the  Yale  Medical  Library  are  to  be  used  only  with  due  regard  to  the 
rights  of  the  authors.  Bibliographical  references  may  be  noted,  but  passages 
must  not  be  copied  without  permission  of  the  authors,  and  without  proper  credit 
being  given  in  subsequent  written  or  published  work. 

This  thesis  by  has  been 

used  by  the  following  persons,  whose  signatures  attest  their  acceptance  of  the 
above  restrictions. 


NAME  AND  ADDRESS 


DATE 


A- 


